We study finite nuclei, at the mean-field level, using the Zimanyi-Moskowski model and one of its variations (the ZM3 model). We calculate energy levels and ground-state properties in nuclei where the mean-field approach * Present address:
is reliable. The role played by the spin-orbit potential in sorting out meanfield model descriptions is emphasized.
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I. INTRODUCTION
At the mean-field level the linear σ − ω (or Walecka) model [1] satisfactorily explains many properties of nuclear matter and finite nuclei with two free parameters. The resulting nuclear-matter compression modulus at saturation density exceeds, however, the experimental bound [2, 3] . A way out of this difficulty is to introduce non-linear scalar self-couplings [4, 5] . The non-linear model that obtains has been shown to reproduce well ground-state nuclear properties (though with some instabilities at high densities and for low values of the compressibility, κ < ∼ 200 MeV [5] ). This model is renormalizable and has four free parameters to fit.
One alternative approach which renders a satisfactory compression modulus without increasing the number of free parameters is that advanced by Zimanyi and Moszkowski [6] and by Heide and Rudaz [7] . This model employs the same degrees of freedom and the same number of independent couplings that are present in the Walecka model. The difference lies in the coupling among the fields. In the work of Zimanyi and Moszkowski (ZM), for instance, the authors use a non-renormalizable derivative coupling between the scalar-meson and the baryon fields which they later adjust to reproduce the experimental conditions at saturation. Their results for the compression modulus, κ = 224 MeV, and effective mass, M * = 797 MeV, compare very well with Skyrme-type calculations [8] .
Since it is desirable to have models that, at the mean-field level, provide reasonable nuclear matter results, the original ZM model and its two variations (to which we shall refer hereafter as ZM2 and ZM3) described in the appendix of the original paper of [10, 11] that the relativistic content of the various models, as given by the ratio of scalar to baryon densities, differs also being the linear and non-linear σ − ω models more relativistic than the usual ZM.
At this point it is clear that fixing the spin-orbit problem in the ZM model would make it similar in results to the non-linear σ − ω model but with the additional bonus of having to fit two parameters instead of four. The modified ZM models, ZM2 and ZM3, aim at this. All three models come about in the following way. In the standard ZM model the non-linear effective scalar factor 1/m * =1 + g σ σ/M, whose meaning will become clear below, multiplies the nucleon derivative and the nucleon-vector coupling terms. When its two free parameters are fitted to the nuclear-matter baryon density, ρ 0 =0.148 fm −3 , and energy density per nucleon at saturation, E b = −15.75 MeV, one obtains the results shown in the first row of If we assume that the difference λ between the scalar and the vector potentials is a good indicator of the strength of the spin-orbit splitting in finite nuclei, it is clear from In the next section we introduce the ZM and ZM3 models and give the necessary detail to understand the origin of the results we obtain. These are presented in the last section where we also draw some conclusions.
II. THE MODEL
The ZM and ZM3 models of interest for this work can be derived from the Lagrangean
where the effective coupling constants are given in each model according to
where we define
In equation (1) the nucleon field, ψ, couples to the scalar-isoscalar meson field, σ, and
is included to account for the asymmetry between protons and neutrons. The ρ µ and the electromagnetic field A µ both couple to the baryon field.
The Euler-Lagrange equations of motion using the Lagrangean (1) give the following equations for the fields,
In the mean-field approximation all baryon currents are replaced by their groundstate expectation values. In a system with spherical symmetry the mean value of the spatial components of the vector-meson fields vanish, resulting in the following mean-field equations,
Equations (7) to (11) are a set of coupled non-lineal differential equations which may be solved by iteration. For a given set of initial meson potentials, the Dirac equation (7) is solved. Once the baryon wave functions are determined the source terms for Eqs. (8) The coupling constants g σ and g ω are chosen to reproduce the saturation baryon density in symmetric nuclear matter, ρ 0 =0.148 fm −3 , and the energy density per nucleon at saturation, E/A= − 15.75 MeV. The third coupling constant, g ρ , is obtained by fitting the bulk symmetry energy in nuclear matter given by the expression
to a 4 =32.5 MeV at ρ=ρ 0 . We have used
The coupling constants and masses used in the calculations are given in Table II .
III. RESULTS
Results of the present calculation for the single particle energy levels in 16 Tables III to V . Through the tables a good overall agreement is obtained, i) between the two models and, ii) with the experimental data.
Nonetheless, the ZM3 model fares better than ZM in reproducing the observed spin-orbit splittings. This is due to the difference in the way that the scalar and vector mesonic fields couple to each other -via non-linear effective coupling constants-in each model.
This difference is better illustrated in figures 1 to 4 where the "central potential", V 0 , and the "reduced spin-orbit term", V ls , are depicted as functions of the radial distance, r, for oxygen and lead. We have defined the central potential to be
with
The reduced spin-orbit term, on the other hand, is given by the expression,
with m s = M −0.5 * (V −S) and with the primes denoting partial derivatives with respect to r. Though the choice of mass in the denominator of Eq. (14) could be opened to some debate, the figures are intended to compare strengths in both models and not to draw absolute conclusions. Figures 1 and 3 illustrate the origin of the behaviour of both models. ZM is shallower in the center and raises more steeply on the surface than ZM3; this holds true both in oxygen and in lead. The resulting spin-orbit potential (figures 2 and 4) is, thus, deeper at the surface in ZM3 than in ZM. To estimate the magnitude of this difference we calculated the ratio expected for the spin-orbit splittings in ZM3 and ZM, using the parameters from the fit to nuclear matter of Table I . The result
agrees nicely with the ratios extracted from the levels in tables III-V.
It is worth noticing that our calculated spectra for the ZM model, differ from those presented by KSR in Ref. [9] for the same model. We have traced the origin of this discrepancy to the symmetry energy a 4 used to fit the ρ-meson coupling constant. Figure 5 illustrates the effect that a decreasing a 4 has on the energy of a few selected single particle At this point one of our conclusions is that, as demonstrated in [9] , the ZM model does not do well in reproducing the energy splittings due to the spin-orbit interaction.
However, the overall spectrum turns out to be satisfactory. In this sense the isovector meson plays in ZM the same important role, for asymmetric nuclei, that has been shown to play in the non-linear Walecka model [13] . the standard ZM, resides in their ability to describe nuclear matter at saturation with two free parameters. For finite nuclei, we have shown that ZM3 gives a reasonable description of nuclear spectra and improves upon ZM regarding the energy splitting of levels due to the spin-orbit interaction. The results of the calculations described here were compared with those obtained using the standard ZM model and with the experimental data. It is our conclusion that models of this kind, with derivative couplings involving the scalar and the vector fields, offer a valid framework to pursue calculations where the requirement of simultaneous reasonable values for the nuclear compressibility and the spin-orbit splitting cannot be side-stepped. [6] and to the ZM3 model studied in this paper. 
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